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Copalyester produced by Alcaligenes eutrophus: Y. Coi et al.
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Molecuir weght equivaient to P(3MB)

Figure 2 Molecular wenght distnibution curves of copolyesters. - -—,
Sample 1. . sampie 9

isample 5), were placed at 30°C in a soil collected in
Yokohama. Japan. The P{3HB-co-17°,4HB) film was
completely decomposed within 2 weeks, while it took
more than 10 weeks for a complete degradation of the
P(3HB) film. Thus. the rate of biodegradation of P(3HB-
co-17" 4HB) film was faster than that of P(3HB) film. A
detailed study of the biodegradation of microbial
polvesters 1s in progress.
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Synthesis and thermogravimetric analyses of trisimides and polyimides

derived from hexaazatriphenylene

K. Kanakarajan and Anthony W. Czarnik*

Department of Chemustry. The Ohio State Umiversity. Calumbus. Ohio 43210. USA

iReceved 14 October 1988. revised 22 November 1988)

The reaction of pyvromellitic dianhvdnide with aminophenyl ether may be augmented by addition of
hexaazatriphenylene trianhydride (1), a hydrogen-free, trifunctional copolymer. Even when the amount of 1
added s 4 crosshnking agent reaches 50 mol *, of the total anhydride content. fiims can be cast and postcured
thermally to provide polyimide films. As such, these results appear to run contrary to the prevailing wisdom,
1e that more than 4 few per cent crosshinking will result in unprocessable “brick dusts’. Thermogravimetric
analvses of these novel crosshinked films reveal good thermal stabilities, although stability does decrease with

increasing mole fractions of 1

(Keywords: polvimide: high temperature; crosslinked: hexaazatriphenylene; thermo-oxidative; film)

Introduction

The well-known reaction of aromatic dianhydndes
with  diamines vields polyamic acids, which are
processuble and can be postcured thermally to yield
polyimides. Many polyimides afford excellent thermal
stabilities. for example, one widely-used commercial
polyimide, Dupont’s Kapton, s stable to 3500°C
tisothermal) N, Our research group recently
discovered a4 simple synthe. - he=nazatriphenylene
tnanhyvdnde (HAT-tnanhvor o 1) from commercially
avarable starting matenas © “ecause compound 1 s
completely hvdrogen-free. e rett «t mught prove useful as
g <rosshinking reagent an the.' ¢ stable polyimide
syathesis This idea 1s pre-icaicn --a the work of Hirsch?
and of Vaughan?, who ‘lemonstrated high thermo-
oxidative stability in polyimides completely devoid of
hydrogen. Therefore. in order to determine how HAT-
induced crosshnking of the pyromelliic dianhydnde-

* To whom correspondence - hould he addressed

aminophenyl ether polyimide influenced its thermal
stability, we have prepared polyimides containing
varying amounts of added trianhydride 1 (ref. 5): See
Scheme.

Experimentul

Mass spectra were obtained by use of a Kratos-30 mass
spectrometer. FTn.m.r. spectra at 11.75 tesla (500 MHz)
or 70 tesla (300 MHz) were obtained using equipment
funded in part by NIH Grant No. 1 S10 RRO1458-01A1.
Thermogravimetric analyses (t.g.a.s) were performed on a
Dupont Model 9900 Thermal Gravimetric Analyser in
either air or argon. The t.g.a. resuits depicted in Figures [
and 2 show continuous curves obtained by graphical
smoothing of the rough data.

HAT-trianhydride (1) was prepared from the
corresponding hexanitrile as described previously'.

Monomeric triimides {(4a-4c) were prepared by
reaction of compound 1 with an excess of the appropnate

POLYAMER COMMIUINICATIONS 1080 \ok2Oeliia bl deee—




Analyses of trisimides and polyimides. K. Kanakarajan and A. W. Czarnik
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desired amine (2a-2c) followed by chemical imidization
as we have described more fully efsewhere*. In the course
of our svnthetic efforts. we found that the use of
trifluoroacetic anhydride in place of acetic anhydride
often leads to cleaner imidization products. The synthesis
of the tri-V-phenyltrisimide (4b) exemplifies the general
method used.

Sinthesis  of  tritN-phenyl)-1.4.5.8.9.12-hexaazatri-
phentlene-2 367 10,1 -hexacarboxylic acid trisimide 4b.
Triunhydnde 1, prepared as described above from the
nexaacid (300 mg. Immol). was dissolved n dry
Jimethylacetamide (15ml) and treated with freshly
distilled aniline {1.5g). The mixture was heated on a
steam bath for 15 min, cooled, poured onto ice (35 g).and
acidified with concentrated HCl (15 ml). The resulting
sohd was filtered, washed with water, and dried in vacuo
4t room temperature to give triamic acid 3b (550 mg.
"4%5 1. m.p. 198-203 C. The crude triamic acid (550 mg,
N "6mmol) was mixed with trifluoracetic anhydride
t3mi) and tnfluoroacetic acid (0.3 ml) and heated in a
scaled tube on a steam bath for 48 h. The reaction was
evaporated to dryness and the residue was recrystallized,
precipitated from ethyl acetate toluene to afford trisimice
4b (505 mg. 75",). m.p.>290°C; u.v. (DMSO): 282,
320 nm: Cam.r (DMSO-d,): 127.1,128.9,129.2,131.2
tphenyl carbons), 144.6 (internal aromatic carbons),
14%.6 (penipheral aromatic carbons), 163.0 (carbonyl
carbons) ppm: fast atom bombardment mass spectrum:
meo672{M™ +3)

Polymerization reactions leading to polyamic acids
were conducted in DMAc and were carried out in the
usual way. After gelling for | h, the solution was spread
over a glass plate and heated at 60°C for 10 h to provide
the polyamic acid film. Imidization of the po'yamic acid
could be accomplisiied by heating in an oven at
4 Cmin~' to 350°C, followed by continued heating at
350 C for an additional 45 min. However, in order to
establish imidization temperatures, t.g.a. analyses were
conducted on powder samples of the polyamic acids.
Such powder sampies were obtamned by adding the gelled
DMACc solution dropwise to a large excess of diethyl
ether, followed by collection of the resulting solid by
filtration and air drying.

Results and discussion
We were able to prepare trisimides 4a—4c in good yield
as models for polyimides derived from trianhydride 1.

”
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The '*C n.m.r. spectra of these trisimides reveal a high
degree of symmetry as expected for compounds with Dy,
symmetry. For example, the '*C n.m.r. spectrum of 4a
demonstrates onlv three lines for aromatic and or
carbonyl carbons and six lines for aliphatic carbons (9
lines total) even though the compound itself contains 36
carbons. T.g.a.s of these trisimides are shown in Figure [.
Although the crystalline hexyl derivative 4a is obtained in
purer form than are the two noncrystalline trisimides
examined, it seems apparent that both phenyl- (4b) and
pentafluorophenyl (d¢) monomeric trisimides are
themselves quite stable materials. The thermal
decomposition temperature of 4a is fully 100°C lower
than that of 4b, consistent with the expected thermal
instability of the alkyl groups in 4a. Contrary to
expectation, the perfluoro substitution in 4¢ decreased
rather than increased the thermal stability of that model
trisimide.

Having demonstrated the relative stability of the HAT
crosslinking units, we prepared a series of modified
Kapton polymers in order to evaluate the effect of HAT-
induced crosslinking on polymer decomposition
temperatures. The high reactivity of the anhydride groups
in 1 (ref. 4) as compared to those in pyromellitic
dianhydride (PMDA) guarantees that all three sites in 1
will react with 2d, thereby inducing crosslinks into the
matrix. Polyamic acids were made between PMDA and
2d in which from 0-50 mol °, of the anhydride equivalents

IOO“\

weight (%)

32%°C ‘025 %C
Temperature (°C}

Figure I T g.a. of tnsimides 4& (———), 4b (----- yand 4¢ (----) in
argon (upper three traces) and n air {lower three traces)
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30220 10C 4aC %GC 800 TCO 800 900 GO0
Temparature (*C)
Figure2 T z.a of Kapton polyamicacids incorporating trianhydnde 1
womol, ( ~—— ) Wmol”, (----- y and 30 moi?, - ) i argon
tupper three traces) and 10 air (lower three traces)

were replaced by HAT-trianhvdnde (1). and powdered
samples were obtained by precipitation of the DMAc
solution with ether. T g.a. analyses were determined on the
polvamic acids in order to measure the thermal
imidization temperatures of the modified polymers. These
tg.a. results are shown in Figure 2, from which two
conclusions can be drawn : first. the temperature range for
thermal imudization (cu. 130-225°C) 1s unchanged by
addition of HAT-tnanhvdnde: and second the thermal
stabifity of 30" HAT-modified Kapton polyimides is less
than that of unmodified Kapton. while that of 10°,-
modified s only shghtly less than that of Kapton.

The most striking observation made dunng the course
of this work concerns the ability of HAT-crosslinked
polvimides to form films. We had expected that the
addition of only a few per cent of the crosslinking reagent
would lead to insoluble powders incapable of being cast
into films. Instead. polyamic acid films could be made
with 0.3, 10, 15.20 and 50 mol”,, 1: each could further be
thermally imidized to provide polyimide films. The
polvamic acid obtained between aminophenyl ether and 1
with no added PMDA remained in solution, but the
resulung film could not be peeled off the glass plate
cteanly. The colour of polyamic acid film samples

changed progressively from yellow {0°,) to orange (10°,)
to red.orange (20°,) to red {100 °,) as the mol °, of HAT-
trianhydride increased. This colour change is consistent
with the charge-transfer (CT) explanation for the yellow
colour of Kapton, given our experience that HAT
derivatives are strongly electron-deficient compounds
capable of forming CT complexes with a variety of
electron-rich aromatic molecules.

Conclusion

We have observed that film casting of even highly
crosclinked solutions of HAT-modified polyimides is
possible, a finding that is contrary to the prevailing
notion of the effect of extensive crosslinking on polymer
processability. While the trend in stability is not what we
had anticipated, it was nonetheless encouraging that even
the most highly enriched film exhibited good thermal
stability ; we anticipate that small incorporations of 1 will
affect stability less. As a result, we are examining the
synthesis of monosubstituted derivatives of 1 that can be
incorporated into polyimides, deprotected and finally
activated to provide sites on the polymer that can be
functionalized prior to thermal curing.
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Application of extrapolation procedures to viscosity data below the
theta temperature
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Intrinsic viscosities are reported for poly(x-methylstyrene) in cyclohexane from very near the § temperature
136.2C) to about 16 C below 6. Six near-monodisperse samples covering the range
$S9x10*gmol "' <M, <1.14x 10°gmol~! were used for this purpose. Over the investigated range of
temperature the Mark-Houwink-Sakurada exponent decreased from 0.498 to 0.386. No signs of aggregation
were observed. Various extrapolation procedures, originally advanced {or the determination of unperturbed
dimensions from viscosity data in moderate and good solvents. were applied to the data. Results indicate that

values of K, can be accurately determined from viscosity data below 8.

(Keywords: poly(z-methyistyrene) in cyclohexane; intrinsic viscosity; extrapolation; sub-theta temperature)

Introduction

A number of extrapolation procedures have been
advanced' ™ for estimating unperturbed dimensions of
flexible polymers from intrinsic viscosity measurementsin
moderate and good solvents, t.e. above the Flory 6
temperature. In particular, the Burchard-Stockmayer-
Fixman {B-S—F) method!:? has yielded reliable estimates
of unperturbed dimensions for a wide variety of chains,
especially when the exponent of the Mark-Houwink-
Sakurada (M-H-S) expression:

(n]=Kwe (n

i> less than 0.7 and molecular weights are above a few
thousand and less than about | x 10° g mol ™! (reference
%). The B-S-F relationship is given as:

[n]=K,M"'2+0.51¢,BM (2)

where [n] 1s the limiting viscosity number, K, = [n], M' ?
and the subscript f/ denotes the state where the second
virtal coefficient, 4,, equals zero. The parameter ¢, is a
universal constant for flexible linear near-monodisperse
chains under #) conditions and B is related to the binary
cluster ntegral, 5. Equation (2) suggests that a plot of
[n] M' ?against M' 2 will yield K, as the intercept with B
obtained from the slope.

Other expressions have been derived based on
relationships for the dependence of the expansion [actors
for viscosity, 23 =[n] [n],. and radius of gyration
1, = ULy ,,‘, 2 for the r.m.s. end-to-end distance

R* .y on the quanmv Z of two- pammeter theory. Early
work by Kurata and Stockmayer? yielded

(7]22 M 2 =K22+0.363¢,By(2,)M¥* [n]' > (3)

where
glr,)=8x) (32} + )2

* To whom correspondence should be addressed
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The perturbation theory of Yamakawa and Tanaka®
resulted in a modified B-S—F expression

(/M3 =K}2+0.35¢,BM"' * (4
while Berry*, empirically suggested
[n]"3/MY4 = Ki? +0.42K4206BM (1] (5)

Equations (2), (3) and (4) have been teviewed for viscosity
results in good solvents®.

In addition to the above equations Tanaka®, using a
Pade approximation, has proposed:

([nYM' 233 =K +0.667¢5 (R o, M)BM' 2 (6)

This expression was shown by Stickler er al.!° to lead to
linear plots using data obtained above the ¢ point.

An alternate approach for the determination of K, was
given by Kamide and Moore”. This method uses values of
K and « from equation (1) according to

~inK+n{2[a—-1,2)""=2]""+ 1]
—a-12InMy=InK, (7)

where M, is the approprlale molecular weight average,
ie. M, or M,, employed in evaluation of the M-H-S
relauon

In this work, we assessed the validity of the above
approaches for estimating unperturbed dimensions from
viscosity data obtained under very poor solvent
conditions (from T=0=136.2-20"C). A series of near-
monodisperse poly(x-methylstyrenes} (PxMS) were
employed for this purpose. PxMS is particularly well-
suited to a study of this type since it has been noted!!-'?
that even high molecular weight samples
(My=1x10°gmol ') remain in solution well below
the ) temperature and the temperature coefficient of chain
dimensions is known to be nearly zero'?. In all cases we
concentrate on the parameter K,. Although values of B
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Synthesis and Some Reactions of Hexaazatriphenylenehexacarbonitrile, a
Hydrogen-Free Polyfunctional Heterocycle with Dy, Symmetry
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Received June 16, 1986

In this paper, we report for the first time the synthesis of hoummphenylonehenarbomtnla abbreviated
HAT-hexacarbonitrile. This hydrogenlm. symmetrically branched compound can be prepmd in analytically
pure form on a large scale by using commercially available starting materials. The conversions of HAT-hexa-
carbonitrile to the corresponding hexsamide, hexaacid, hexaester, and trianhydride derivatives were also ac-

complished.

In this paper we report the firat synthesis of
hexaazatriphenylenehexacarbonitrile (HAT-hexacarbo-
nitrile) (3) by a simple method from readily available
precursors. Derivatives of this compound, containing no
hydrogen, are potentially useful in the preparation of
thermally stable, oxidation-resistant polymers.! Hexaa-
zatriphenylene (HAT-Hy) itself has been made previously,
but the first reported sequence? is rather long and does
not suggest an easy way to incorporate the kind of multiple
functionality present in hexacarbonitrile 3. Recent
methods using hexaaminobenzene® as the starting material
are shorter, but have been utilized preparatively only in
the syntheses of hexaalkyl-HAT"s** and, more recently,
HAT-H; itself.®® Therefore, we now describe the one-step
synthesis of hexacarbonitrile 3 and its conversion to hex-
aamide 4, hexaacid 5, hexaester, and trianhydride 6 de-
rivatives.

Our starting material, hexaketocyclohexane octahydrate
(1), is available commercially but is rather expensive. We
have therefore prepared it in a two-step reaction from
glyozxal; self-condensation to afford uinone
proceeds as described previously,* and then oxidation to
sompound 1 was accomplished by using a modified liter-
s.ure® method. Reaction of hexaketone 1 with an excess
ot liaminomaleonitrile (2) in refluxing glacial acetic acid
affc.ds hexacarbonitrile 3 in 81% yield as shown in
Scheme . Our procedure is in close analogy to that used
by Skuijins and Webb in their condensation of hexaketone
1 with o-phenylenediamine.® Hexacarbonitrile 3 is isolated
by simplo filtration from the hot reaction mixture and is
analytical'v pure after drying. Its 3C NMR spectrum
reveais the simple pattern expected for a compound with
D,, symmet.y, and we observe three singlets: one for
nitrile carbonc. one for peripheral aromatic carbons, and
one for interna' aromatic carbons. As anticipated, the
compound is quite insoluble in nonpolar organic solvents,
but solutions in DMF or Me,SO can be made. A DMF
solution with tetrabutylammonium perchlorate as the
supporting electrolyte was used to establish a chemically
reversible couple centered at ~0.105 V (AE, 100 mV) vs.

(1) For introductory , 08 (n)l.lhuu.S.S Ed. Chemistry
and Properties of Croeslinked New York, 1977; pp
86~137. (b) Fraxzier, A.H.,H-lempanmantPolymWihy
New York, 1698; pp 286~318.
(2) Nasielski-Hinkens, R.; Benedek-Vamos, M.; Mastens, D.; Nesielaki,

J. J. Organomet. Chem. 1981, 217, 179.
(3)(.)Kohno.8..Pndch,K.Lub|pAmChcnlm 522. (b)
Rogers, D JOrgChcm.l!“.Ol 3904 (this paper describes both a
of hexaaminobenzene and its conversion to hezas-

in 83% crude yield).
4) le A be g::d F. Organic Syntheses; Wilsy: New York,
P
(5)(-)Nhuh,ﬁ-.3mkhu T. Ber. 1888, 18, 508. (b) Ochiai, E.;
w .; Haginiwa, T.; Takeuchi, 8.; l'ujim M. Chem. Abstr.

(8) Skujins, S.; Webb, G. A. Tetrahedron 1969, 25, 3838.

Scheme 1

'0:20 Nﬁ)\m

[ 2 3

~

aqueous SCE (—0.595 V vs. ferrocene) for compound 3
leading to its radical anion; a second, irreversible couple
leading to the dianion was observed at -0.495 V.

Hydration of hexacarbonitrile 3 to hexaamide 4 is ac-
complished readily using concentrated sulfuric acid at
room temperature for 3 days (Scheme II). As in every
reaction involving derivatives of 3, it is particularly im-
portant that all of the functional groups be converted to
the next in very high yield; a procedure that afforded the
pentacarboxamide mononitrile as a contaminant, for ex-
ample, would be useless. *C NMR of hexaamide 4 again
reveals the simple pattern expected, except that the pe-
ripheral carbons are coupled to one of the amide NH’s.”
Coupling to only one of the two amide NH's can be ra-
tionalized by recalling that Jcy experiences the same kind
of angular dependence that Jy;;; does.? The approximately
7-Hz coupling constant we measure is consistent with
long-range C~H coupling, and only the amide NH syn to
the carbonyl oxygen exists in a “w conformation” with
respect to the peripheral carbon; we propose, therefore,
that it is the only proton coupling to that carbon. Of
special interest is the ability of laser desorption Fourier
transform ion cyclotron resonance mass spectrometry?® to
yield a molecular ion for this highly polar, nonvolatile
molecule (K* complex ion observed). No other mass
spectrometric technique we have tried gave us any inter-
pretable data on this compound.

Attempted basic hydrolyses (NaOH/H,O/heat or
Na;0,/H;0) of hexaamide 4 to hexaacid 5 consistently
yielded mixtures of partially hydrolyzed polyacids, de-
termined by ion-exchange chromatography and by paper
electrophoresis; this result is not too surprising, as hy-
droxide attack is expected to become progressively slower
on the progressively greater charged polyacid. Acidic
hydrolysis methods also gave mixtures of insolubile prod-
ucts that were not readily characterized. We were suc-

(7) It is not surprising that the carbonyl carbon doss not couple to the
dhmtmﬂopm,hnhatmphuh&ofarbonylmpﬁum
.diumt(htmdhwtbbmdd)mdwwly NMR in-
vestigators to Mmkwmmdmtddm&m

(8) Wiberg, K. B.; G. M,; Civia, R. P;

Schertler, P.; Lavanish, J. Tetrahedron 1968, 21, 2749.
(9) »hnhll.A.G Ace. Chem. Res. 1988, 18, 316.
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cessful in converting hexaamide to hexaacid under diazo-
tizing conditions'® by using sodium nitrite in trifluoroacetic
acid, and precipitation of the sodium salt afforded the
hexacarboxylate as confirmed by its microanalysis and
simple 1*C NMR spectrum taken in D,0/H,0. As com-
pared to the highly water-insoluble hexacarbonitrile or
hexaamide, hexaacid § is very water soluble as its poly-
carboxylate. Vigorous treatment with HCI results in ion
exchange and precipitation of the less soluble carboxylic
acid form with no obeervable decarboxylation; acid-cata-
lyzed esterification with methanol yields the hexamethyl
ester in 84% yield. In addition, the hexaacid forms
water-insoluble metal ion complexes; this work is still in
progress and will be reported at a later date.
Trianhydride formation was accomplished by using hot
acetic anhydride by analogy to the known!! conversion of
pyrazine-2,3,5,6-tetracarboxylic acid to the corresponding
dianhydride. Temperature control seems particularly im-
portant in our conversion, as does starting with a sample
of the hexaacid that has been completely converted to the
H* form. We find that heating a suspension of hexaacid

3 in freshly distilled acetic anhydride at 114-116 °C for _

10 min yields a homogeneous solution that, upon evapo-
ration, gives the trianhydride 6 as a moisture-sensitive
solid. Crystallization from acetonitrile/benzene/tri-
fluoroacetic anhydride affords a crystalline, moisture-
sensitive solid whose 3C NMR spectrum consists of three
lines. Treatment of the *C NMR sample with 1 equiv of
H,O led to a significantly complicated spectrum that, upon
further addition of excess H,0, again demonstrated a
three-line spectrum identical with that of the hexaacid in
the same solvent. The trianhydride is much more soluble
in organic solvents (e.g., acetonitrile) than the other HAT
derivatives we have prepared.

In summary, we have reported a one-step tricondensa-
tion reaction that leads to the hexaazatriphenylene nucleus
in excellent yield. Manipulation of the functionality
available on HAT-hexacarbonitrile will lead to derivatives
heretofore unavailable, such as the three we have described
in this paper. We expect to report on the synthetic
methods required, as well as studies on the physical
properties of these compounds, as our work in this area
continues.

Experimental Section

General. Melting points were taken on an Electrothermal
melting point apperatus and are uncorrected. Microanalyses were
carried out at Canadian Microanalytical Service, New West-
minster, B.C. Mass spectra were obtained by use of a Kratos-30
mass spectrometer. FT-NMR spectra at 11.75 (500 MHz) or 7.0

(10) Andenheim, H.; Bender, M. L. J. Am. Chem. Soc. 1960, 82, 1898.

(11) Hirsch, 8. 8. J. Polym. Sci. 1989, 7, 15.

(12) While the *C NMR spectrum of this compound clesrly demon-
strates its structure es the trianhydride, its hﬁhmedvityvithmh-
frastrated our efforts st microanalysis. Even with desiccated shipping
methods, this compound analysed correctly for Ci(NOy plus 0.8 mole-
cules of H,0, indicating pertial hydrolysis.
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T (300 MHz) were obtained with equipment funded in part by
NIH Grant 1 S10 RR01458-01A1. We thank Richard Weisen-
berger and Dr. C. E. Cottrell for their assistance in obtaining mass
and high-field '"H NMR spectra, respectively, at The Ohio State
University Chemical Instrumentation Center, and Carl Engelman
for other NMR assistance.

Hexaketocyclobexane Octahydrate (1). We have modified
the original procedure reported by Nietzki et al.% as follows:
Powdered sodium tetrahydroxyquinone* (10.8 g, 50 mmol) was
added in portions to a stirred, ambient temperature solution of
25% HNO, (150 mL) over a period of 10 min. The temperature
of the vigorous reaction was controlled at 46 £ 5 °C by using an
ice bath, and the resulting clear, light yellow solution was cooled
at 5 °C. Colorless crystals formed and were collected by filtration,
washed with cold water (3 X 30 mL), and dried to give 1 (11.7
g, 80%): mp 95-96 °C dec (lit.’* mp 95-96 °C dec).

Hexaazatriphenylenehexacarbonitrile (3). A mixture of
hexaketocyclohexane octahydrate (10.0 g, 32 mmol) and di-
aminomaleonitrile (26.0 g, 240 mmol) in glacial acetic acid (1200
mlL) was heated to reflux with stirring for 2 h. The black reaction
was filtered hot, and the solid was washed with hot glacial acetic
acid (3 X 150 mL). Drying over KOH pellets at 150 °C and 0.01
torr for 2 h afforded a brown-black'® solid (10.1 g, 81%): mp >350
*C; 3C NMR ((CDy;30) 5 114.2 (br s, CN's), 135.4 (s, internal
Ar carbons), 141.6 (s, peripheral Ar carbons); IR (KBr pellet) 2250

cm™! (weak, CN); UV (Me,SO) 288 nm, 310; desorption chemical
m)m. spectrum (CH,), m/e (relative intensity) 385 (100,

+1

Anal. Calcd for C,yN;p: C, 56.25; H, O; N, 43.75. Found: C,
56.09; H, 0.14; N, 43.60.

Hexaazatriphenylenehexacarboxamide (4). A solution of
HAT-hexacarbonitrile (4.80 g, 12.5 mmol) in concentrated H,SO,
(100 mL.) was stirred at room temperature for 72 h and then was
added dropwise to rapidly stirred ice—water (3 L). The solid was
collected by filtration, washed with water (3 X 100 mL) and
acetone (3 X 100 mL), and dried at 100 °C and 0.01 torr for 14
h to provide a gray-black solid (5.38 g, 87%): mp >350 °C; 13C
NMR ((CDy),S0) & 140.5 (s, internal Ar carbons), 148.3 (d,J =
7.3 Hz, coalesces to s with broad-band 'H decoupling, peripheral
Ar carbons), 166.2 (s, CONH,'s); IR (KBr pellet) 1680 cm™ (strong,
C==0); UV (Me,SQ) 280 nm, 322; laser desorption FT ICR mass
spectrum; m/e (relative intensity) 531 (100, [M + K}*).

Anal. Caled for CiyHoN1jO¢HyO: C, 42.35; H, 2.77; N, 32.94.
Found: C, 42.62; H, 2.74; N, 33.00.

Hexaazatriphenylenehexacarboxylic Acid (5). A solution
of HAT-hexacarboxamide (4.92 g, 10 mmol; 4) in trifluoroacetic
acid (150 mL) was stirred at room temperature. Solid sodium
nitrite (7.0 g, 90 mmol) was added to this solution portionwise
over a period of 15 min, with the temperature kept under 25 °C
by cooling with an ice bath. An initial brisk evolution of gas was
noted, and the black solution changed to an orange brown sus-
pension. Acetic acid (150 mL) was added, the mixture was stirred

(13) One reviewer has suggested that this color is due to an impurity
of the -enndmtﬂonpndwofmtrﬂ-l.'hu:hmld
form during the initial acetic acid reaction. In our experience, the only
way to check the of this compound is to take its *C NMR spec-
trum. The aoludonuodmmbolﬁmdlormdhmnn

We now routinely test every
batch of HAT-hexacarbonitrile in this way before its further conversion.




for 12 h and poured into ice-water (300 mL), and the crude
product was collected by filtration. The solid was dissolved in
sodium bicarbonate solution (20 g in 150 mL water) and filtered
to remove any insoluble solid. The filtrate was treated with
activated charcoal, heated to boiling, and filtered to give a clear
yellow solution that was treated with a cold sodium hydroxide
solution (20.0 g in 100 mL water). An immediate precipitation
of sodium HAT-hexacarboxylate as a yellow solid occurred, and
complete precipitation of the sal: was effected by the addition
of ethanol (30 mL). The product was filtered, washed with 50%
aqueous alcohol (3 X 50 mL), and dried under vacuum [100 °C
(0.1 torr)] to afford 4.53 g of the polysodium salt of 5: IR (KBr
pellet) u 1618 cm™ (>C=0); 3C NMR (D,0/H,0) 5 140.00 (s,
internal carbons), 151.08 (s, peripheral carbons), 171.70 (s, car-
boxylate carbons).

The free acid was obtained as follows: Polysodium HAT-
hexacarbozxylate (2.52 g, 40 mmol) was suspended in water (100
mL), heated to 50 °C, and acidified by adding concentrated HC!
(100 mL). The mixture that formed was heated at 90 °C for 1
h, then was filtered, washed with 10% HCl (3 X 25 mL), and
finally washed with deionized water 2 X 25 mL). The product
was dried at 120 °C (0.1 torr) to give 5 (1.88 g, 89.5%) as its
sesquihydrate: mp >350 °C; '3C NMR (D,0/dilute NH,OH) &
140.1 (s, internal Ar carbons), 151.2 (s, peripheral Ar carbons),
171.7 (s, carboxyl carbons); IR (KBr pellet) x 1730 cm™ (>C=0);
UV (Me,SO) 278 nm, 3186.

Anal. Caled for C,sHgN4O,,1.5H,0: C, 41.16; H, 1.73; N, 15.99.
Found: C, 41.07; H, 1.91; N, 15.82.

The hexamethy] ester was prepared as follows: A solution
of hexaacid acid § (525 mg of the sesquihydrate, 1 mmol) in
absolute methanol (200 mL) and concentrated sulfuric acid (1
mL) was heated to reflux with stirring for 10 h. The solid was
collected by filtration, washed with aqueous methanol (50 mL),
and dried at 100 °C and 0.01 torr for 6 h to provide a cream colored
solid (490 mg, 84%) that could be recrystallized from acstonitrile:
mp >350 °C; *C NMR (Me,SO-dy) § 164.02 (s, ester carbonyl
carbons), 145.08 (s, internal or peripheral Ar carbons), 142.23 (s,
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internal or peripheral Ar carbons), 53.63 (s, methyl carbons); *H
NMR (CDC,/CF,COOH) 6 4.17 (s, CHy); IR (KBr pellet) u 1750
cm™} (strong, C=0); UV (Me,SO) 274 nm, 312; FAB mass
spectrum, m/e 583 (M* + 1).

Anal. Caled for C, H gNgO2: C, 49.48; H, 3.09; N, 14.43.
Found: C, 49.12; H, 3.14; N, 14.50.

Hexaazatriphenylenehexacarboxylic Acid Trianhydride
(6). HAT-hexacarboxylic acid (1.25 g, 23.8 mmol; 5) was added
to freshly distilled acetic anhydride (60 mL) and heated to 115
% 2 °C under a nitrogen atmosphere. The vigorously stirred
mixture turned to a clear brown solution within 10 min, then
heating was discontinued, and the solution was allowed to cool
over a period of 20 min. The solvent was removed by rotary
evaporation under reduced pressure, and the residue was re-
crystallized from acetonitrile and benzene (by using a few drops
of trifluoroacetic anhydride as desiccant) to give 6 (963 mg, 95%)
as moisture-sensitive needles: mp >350 °C; 3C NMR (CD,CN)
6 159.58 (s, carbonyl carbons), 148.62 (s, internal or peripheral
Ar carbons), 148.15 (s, internal or peripheral Ar carbons); IR (KBr)
4 1820 (strong), 1880 cm™! (>C==0).

Anal? Caled for C,sN¢0g0.6 H,0: C, 47.51; H, 0.27; N; 18.47.
Found: C, 47.88; H, 0.30; N, 18.11.
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Svnthetic methods and product characterizations for the conversions of 1,4,5,8,9,12-hexaazatriphenylene-
hexacarboxylic acid to the corresponding triester triacid, triamic acid, triimide, triester triacid chloride,
trimethyl triethyl hexaester, trimethyl ester tri(.V,.V-dimethyl)amide, hexaamide, tri( V,N-dimethyl)amide
triacid, tri(.V,.Y-dimethyl)amide triacid chloride, and trisphthalhydrazide derivatives are described.
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As part of our interest in the use of hexaazatriphenylene
(HAT) derivatives for the synthesis of thermooxidatively-
stable polymers [1}, we have been studying the chemistry
of hexaazatriphenylene trianhyvdride (1). In this report, we
focus on the svnthesis of hexasubstituted derivatives of
HAT useful for the preparation of polyimides {2], i.e., all
substituents at the carboxylic acid oxidation level.

Hexaazatriphenylene trianhydride (1) proved to be an
unusually reactive aromatic anhvdride. While it can be ob-
tained in crystalline form [3], reaction with atmospheric
moisture is extremely facile; for this reason, it is not conve-
nient to store the anhydride. As one solution, we reacted
anhydride 1 immediately with anhydrous methanol to af-
ford the triester triacid 2, which is a solid and infinitely
stable when stored in a desiccator. Two isomeric triester
triacids are possible in this reaction: compound 2, which
possesses D, svmmetry, and the unsymmetrical derivative
in which one set of ester and acid groups has been inter-
changed. To the limits of our analytical detection (ca. 5%
bv 'H nmr), only the symmetrical isomer 2 is obtained in
this reaction, based on the simplicity of the 'H and '°C
nmr spectra obtained. Of course, this conclusion is based
on an imperfect assumption that the two isomers would
not have superimposible spectra.
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Both trianhydride 1 and triester triacid 2 can be reacted
with primary amines to provide symmetrical amic acids 3,
although the trianhydride route is preferable with relative-
ly unreactive amines (e.g., t-butylamine). The amic acids
can be conveniently isolated by acid-precipitation from
aqueous solution. Chemical imidization (i.e., 3 — 4) was
accomplished using a variety of dehydrating agents, in-
cluding acetic anhydride, trifluoroacetic anhydride, and
thionyl chloride. The resulting triimides 4a-c were high-
melting solids, whose '*C nmr spectra revealed the simple
patterns expected for symmetrical compounds [4].

The preparation of triamic acids derived from «,w-di-
amines led to zwitterionic products with unacceptable
solubility properties. For example, the reaction of tri-
anhydride 1 with 1,6-hexanediamine provides compound
3, R = (CH,NH,, that is soluble in water but highly in-
soluble in methanol, chloroform, THF, DMF, dimethyl-
acetamide, and DMSO. Chemical imidization with acetic
anhydride affords triimide 4, R = (CH,),NHAc, which is
highly soluble to organic solvents; however, we have (not
surprisingly) been unable to remove the acetyl groups
without hydrolyzing the imide group. Inasmuch as the
polymerization reaction cannot be conducted in water, a
suitably protected, organic soluble derivative of the
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triamic acids was sought. We found that conversion of
triester triacid 2 to the corresponding triacid chloride 3
could be accomplished using standard conditions. While
the acid chloride was not characterized, conversion to the
trimethyl triethyl ester 6 by treatment with ethanol provid-
ed both a structure proof for 3 and additional evidence
that compound 2 is, in fact, a single isomer.

Reaction of acid chloride 5 with excess dimethylamine
provides triester triamide 7 with no apparent further reac-
tion to higher amide derivatives. Compound 7 is a very
useful protected version of triester 2, and therefore of
trianhydride 1. The nmr spectra of 7 are complex, we feel
owing to the various conformational isomers that the func-
tional groups of 7 can adopt (e.g., the amide and ester
groups can be ""above’’ or "'below’’ the heterocycle plane,
etc.). Indeed, heating a solution of 7 in DMSOQ-d, results in
a coalescence of the amide methyl peaks from a multiplet
at 2.95-3.25 ppm (30°) to two broad singlets at 3.07 and
3.18 ppm (130°). Compound 7 affords mixed hexaamides
in the reaction with primary diamines; for example, treat-
ment of 7 with 1,6-hexanediamine affords hexaamide 8,
which is soluble in both water and polar organic solvents
like acetonitrile and chloroform. We have observed on a

small scale that reaction of hexaamide 8 with trifluoro-
acetic anhydride and heat provides the N-trifluoroacetylat-
ed triimide as product. Interestingly, 7 is quite unreactive
towards substitution by a secondary amine; attempted
reaction of 7 with excess dimethylamine returns starting
material as the only product. Additionally, reaction of 7
with [-hexylamine under the same conditions gives only
starting material back. Intermediate 7 may also be obtain-
ed via the V,N-dimethylamic acid 9. Conversion to the
V. V-dimethylamic acid chloride 10 with thionyl chloride
and methanolysis gave triester triamide 7 that was iden-
tical to that prepared using the other route. In practice, we
find that the sequence 2 — 3 — 7 is the simplest to per-
form, and is therefore preferable.
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As reported previously, the hexamethyl ester of HAT 11
may be prepared straightforwardly from the hexaacid [3}.
Predictably, these ester groups are highly reactive towards
acyl substitution reactions. Reaction of 11 with either
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1-hexvyl- or l-decvlamine provides the corresponding hexa-
amides 12a and 12b. Both compounds are highly insolu-
ble in neutral media (e.g.. chloroform, DMF, DMSQ),
perhaps because of the very favorable amide-amide
hydrogen-bonding interaction made possible in a stacked
HAT assembly; this hypothesis is being checked by X-ray
crvstallography.

Finally, reaction of hexaester 11 with hydrazine hydrate
affords the corresponding trisphthalhydrazide 13 as a
black solid. This compound is soluble in basic aqueous
solution, and its '’C nmr spectrum reveals the simple
three-line pattern expected for the symmetrical product.
Conversion to the trisodium salt with sodium hydroxide
again afforded a black solid, which gave appropriate
microanalytical data.

EXPERIMENTAL

Mass spectra were obtained by use of a Kratos-30 mass spectrometer.
The Ft-nmr spectra at 11.75 tesla (500 MHz) or 7.0 tesla (300 MHz) were
obtained using eauipment funded in part by NIH Grant #1 S10
RRO14584)141. We thank Mr. Richard Weisenberger and Mr. Cari
Engeiman for their assistance in obtaining mass and high-field 'H nmr
spectra, respectivelv. Meiting points were taken on an Electrothermal
meiting point apparatus and are uncorrected. Microanalyses were car-
ried aut at Canadian Microanalvucal Service, New Westminster, B. C.
Many of the compounds in this series are hygroscopic; satisfactory
microanalvses were calculated based on hydrated samples. Perhaps for
the same reason, the meluing points of some compounds in this series
were found to be variable.

2,6.10-Tricarbomethoxy-1,4.5.8,9.12-hexaazatriphenylene-3,7,11-tri-
rarboxvlic Acid (2).

A muxture of hexaazatriphenylenehexacarboxyiic acid [3] (1.5 g, 3
mmoies) 10 acetic anhydride (40 ml) was heated to 115° briefly to obtain
a homogeneous solution. After cooling and evaporation, trianhydride 1
{3] was nbtained as an oil that was used without purification. Anhydrous
methanol {25 ml) was added, then the solution was concentrated and
puured into ice water (25 mi). The solid was filtered, washed with water,
and dried in vacuo to give triester triacid 2 as a light yellow solid (1.49 g,
927), mp 205.207° dec; uv (DMSQ). 276, 314 nm; 'H nmr (DMSO-, ). 4.1
(s. 3H. OCH,) ppm; *C nmr (DMSO-d,) 53.6 (CH,), 141.9 and 142.3 (in-
ternal aromatic carbons), 145.6 and 146.4 (peripheral aromatic carbons),
164.7 and 165.4 (ester and acid carbonyl carbons) ppm; Fab ms: mie 542
IM® ~2), 341 (M" « 1)

4nal. Caled. for C, H,,N,0,,-1.5H,0: C, 44.55; H, 2.66: N, 14.81.
Found: C, $44.27, H, 2.87; N, 14.52.

TriN-{n-hexyD))-1.4,5.8.9.12-hexaazatriphenyiene-2,3,6,7,10,1 1-hexa-
rarboxviic Acid Trisimide (4a).

Trianhydride 1, prepared as described above from the hexaacid (996
mg, 2 mmoies), was dissolved in dry acetonitrile (50 ml) and n-hexylamine
(2.1 g, 20 mmoles) was added. The yetlow precipitate that formed was
filtered and washed with acetonitrile. The solid was suspended in water
(400 ml), acidified with concentrated hydrochioric acid (10 ml), stirred
vignrausty for one hour, filtered, washed with water, and dried (1 vacuo
o afford triamic acid 3a (1.4 g, B8%), which decomposes above 180°.
The rrude amic acid (1.11 g, [.5 mmoles) was mixed with acetic anhy-
dride (50 ml) and trifluoroacetic acid (0.5 mi), refluxed for 2 hours, and
the resulting clear solution was evaporated to dryness. The residue was
dissolved in hot toluene, treated with charcoal, filtered, and recrystalliz-
sd with addition of hexane 10 give trisimide 4a (884 mg, 85%), mp
246-248°; uv (DMSO}. 288, 338 nm: 'H nmr (deuteriochloroform): 0.9 (1,
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3H, CH,), 1.35 (m, 6H. 3 x CH,), 1.85 (quinter, 2H, CH,), 4.0 (1, 2H, NCH,)
ppm: *C nmr (deuteriochloroform): 14.0, 22.5, 26.6, 28.4. 31.3, 39.8

(aliphatic carbons), 144.6 (internal aromauc carbons), 148.8 (peripheral
aromatic carbons), 162.0 (carbonyl carbons) ppm; Fab ms: mre 696 (M"
+3).

Anal. Caicd for C,,H,\N,O,: C, 62.33; H, 5.67; N, 18.17. Found: C,
62.05; H, 5.62: N, 18.14.

TreuV-pentafluorophenyl}1.4.5.8.9,12-hexaazatriphenylene-2,3.6.7.10.11-
hexacarboxylic Acid Trisimide {4b).

Trianhydride 1, prepared as described above from the hexaacid (350
mg, 0.79 mmole) was dissolved in dry dimethylacetamide (15 ml) and
treated with pentafluoroaniline (1.43 g, 7.5 mmoles). The mixture was
heated on a steam bath for 15 minutes, cooled, poured onto ice (35 g),
and acidified with concentrated hydrochloric acid (15 mi). The resulting
solid was filtered, washed with water, and dried in vacuo at room
temperature. The crude triamic acid was mixed with trifluoroacetic
anhydride (5 ml) and trifluoroacetic acid (0.3 ml) and heated in a sealed
tube on a steam bath for 48 hours. The reaction was evaporated to
dryness and the residue was recrystallized/precipitated from ethyl
acetate/toluene to afford trisimide 46 (485 mg, 65%), mp >360°; uv
(DMSO): 292, 328 nm; “C nmr (DMSO-d,): 135.9, 139.9, 141.1, 145.0
(phenyl carbons; all signals are broad '“singlets’” or multiplets due to C.F
coupling), 144.5 (internal aromatic carbons), 148.6 (peripheral aromatic
carbons), 160.6 (carbonyl carbons) ppm: Fab ms: mie 942 (M* +3).

Anal. Caled. for C,,F ,N,0,: C, 46.03; F, 30.34; N, 13.42. Found: C,
46.00; F, 30.22: N, 13.04.

Tri(N-t-butyl}1.4,5,8.9.12-hexaazatriphenyiene-2,3,6.7.10.1 l-hexacarbox-
ylic Acid Trisimide (4c).

The trianhydride (320 mg, 0.72 mmole), prepared as described above,
was treated with a solution of t-butylamine (5 ml) in dry acetonurnile {20
mi). After stirring for 1 hour, the reaction was evaporated to dryness. The
residue was suspended in acetonitrile, filtered, and washed with
acetonitrile to give trisamic acid 3¢ (500 mg) as a colorless solid. The
crude product was dissolved in thionyl chloride (10 ml) and heated on a
steam bath for 30 minutes. Excess thionyl chloride was removed by
evaporation, then the residue was dissolved in chloroform and
precipitated by addition of hexane. The resulting solid was filtered, wash-
ed with hexane and water, then recrystallized from chloroform/hexane
with the use of decolorizing carbon to give the trisimide 4¢ as a light
yellow solid (350 mg, 76%), mp >320°; uv (DMSO): 284, 338; 'H nmr
(deuteriochloroform): 1.85 (s, CH,); 1*C nmr (deuteriochloroform/DMSO-
d,): 28.6 (CH,), 59.0 (N-CICH,),), 144.4 (internal aromatic carbons), 147.8
(peripheral aromatic carbons), 164.8 (carbony| carbons); Fab ms: m/e 612
(M* +3).

Anad. Caled. for C,,H,,N,0,-1.5H,0: C, 56.60; H, 4.75; N, 19.80.
Found: C, 56.39; H, 4.78: N, 19.48.

2,6,10-Tri(carbethoxy)-3,7,1l-tri{carbomethoxy)-1.4,5,8,9.12-hexaaza-
triphenylene (6).

Triester triacid 2 (540 mg, | mmoles) in a solution of thionyl chloride
(10 ml) and dry benzene (20 ml) was heated on a steam bath for 4 hours
and the reaction was evaporated to dryness. The crude triester/triacid
chloride 5 was mixed with 15 ml of dry ethanol, upon which a yellow solid
immediately separated. The excess aicohol was removed in vacuo and the
residue was recrystallized from chloroform/hexane to provide hexaester
6 (500 mg, 80%), mp 217-218°; uv (DMSOY). 274, 312; 'H nmr (perdeuter-
ioacetonitrile): 1.46 (1, 3H, CH,CH,), 4.11 (s, 3H, OCH,), 4.57 (q, 2H.
CH,CH,) ppm; "C nmr (perdeutericacetonitriley: 14.4 (C-CH,), 54.6
(OCH,), 64.4 (CH,CH,), 143.1, 143.2 (internal aromatic carbons), 147.15,
147.21, 147.64, 147.72 (peripheral aromatic carbons), 165.0, 165.5 (car-
bonyl carbons) ppm;: Fab ms: m/e 626 (M* +2).

Anal. Calcd. for C,,H,,NO,,: C, 51.93; H, 3.87; N, 13.46. Found: C,
51.45; H, 3.84; N, 13.38.

2,6,10-Tri(carbomethoxy)-3.7.11-tri(NV,.V-dimethylcarboxamido)1.4,5.8.-
9,12-hexaazatriphenylene (7).
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To a solution of triester triacid chloride 3, prepared from the hevaacid
(300 my. | mmoles) as described above, in dev acetonitrile was added a
wolution dimethviamine (3 mi} in dry acetonitrile. The resulting solution
was <tirred for 13 minutes and evaporated to drvness. The crude product
was Jdissolved a acetomitrile, a little decolorizing carbon was added and
the mixture was passed through a short column of silica gel. eluting with
acetomtrile. Evaporation of the eluant gave a light veliow solid (410 mg,
no ™) mp 2112129 uv (DMSOY 286, 322: 'H nmr (deuteriochloroform):
299,302, 3.05. 3.10 (rotamenic and conformational isomers of one of the
amude methvl groups, coalesce on heating to 130°), 3.21, 3.22 (rotameric
and conformational somers of the other amide methyl group: also
coalesce at 130°), $.06, .08 (conformational isomers of the ester methyi
group) ppm: **C amr tdeuteriochloroform): 34.99, 35.05 (one of the amide
methsi carbonsy, 38.18, 38.26. 38.32, 38.42 (the other amide methyl car-
bont, 33.7 (s, ester methvi), 140-167 (complex multiplet for the aromatic
and carbonvl carbons) ppm: Fab ms: mie 623 (M* +2).

Anal. Caled. for C,H,,N,0,-0.5H,0: C. 51.43: H, 4.47; N, 19.99.
Found: C, 51.26: H. +.36: N, 19.71.

Compound 7 could also be made from the anhydride as follows.
Trianhvdride 1 (444 mg, | mmole) was dissolved in freshly distilled dry
acetontriie (100 miy and drv dimethvlamine gas was carefully bubbled in-
w0 the solution. A veilow solid quickly started separating and addition of
the dimethviamine gas was discontinued immediately before the solid
<tarted to dissolve. The solid was filtered, washed with acetonitrile, and
dried to afford tniamic acid 9 that was directly mixed with thionyl
~hloride (10 mi) and heated on a steam bath for 30 minutes. Excess
‘nnsi chionide was removed ;1 vacuo and anhvdrous methanol (20 ml)
wis aided. After |5 minutes methanol was removed i vacuo. Contami-
nating dimethvlammonium rhloride was removed by passage of the reac-
non mitture through a short column of silica gel using chloroform as
»luent to give, alfter evaporation. triester-triamide 7 with spectral proper-
nes 1dennical to those obtained by using the other method.

3.7.11-Tri{ ¥46-amino)hexyl]carboxamido-2.6,10-tris(.V'..V'-dimethyl)
rarboxamido-1.4.3.8.9.12-hexaazatriphenvlene (8).

To a solution of 1.6-hexanediamine (248 g, 21 mmoles) in dry
acetanrtetle (100 mi) was added dropwise a solution of triesterstriamide 9
207 mg. )33 mmole) in dry acetonitnle (25 mi). The resulting mixture
was heated for [) minutes over a steam bath then the solvent was remov-
*4in vacuo. the residue was rhssolved in chloroform, and the product was
precipitated by adding hexane. This process was repeated several times
1 remnve excess hexanediamine, then the solid was triturated with hex-
ane, filtered, and dried to afford hexaamide 8 (174 mg, 60%), mp
>1320°, darkens above 290°; uv {DMSO): 286, 326: 'H nmr (deuterio-
~hioraformr 1.3-3.7 (m) ppm; *’C nmr (deuteriochloroform): complicated
muitiplets in aliphatic and aromatic regions; Fab ms: mier 875 (M* +2).

1nal. Caied. for C,H, N 0,-3H,0: C, 54.35; H, 7.49: N, 22.63. Found:
C.o3464: H. 70T N, 22,40,

2.3.6.7.10.11-Hexal.Vtn-hexvl))carboxamido-1,4.5,8,9.12-hexaazatri-
pnenviene (12a).

Tn a solution of ester 11 {3}(582 mg, | mmole)in 2:1 chloroform/ THF
1130 ml; solubilized with warming) was added a-hexylamine (1.55 g, 15
mmoles) and the mixture was refluxed for 24 hours. The coiorless solid
that precipitated was filtered, washed with chloroform, and recrystallized
from trifluoroacenc acid/water to afford hexaamide 12a (851 mg, 86%),
mp >350°: uv (DMSO): 282, 324 nm: ‘H nmr (deuteriochloroform) 0.95
fr, 3H. CH,), 1.5 (m. AH. 3 x CH,). 1.8 (quintet, 2H, CH,), 3.7 (q, 2H,
N-CH,L 92 the . NH) ppm: G nmr (deuteriochioroformitrifluoroacetic
widk 1380 22.4, 265, 284, 31.3, 12.0 (all single lines, hexvi rarbnns),
VLA s internal aromane carbons), 1454 (s, peripheral aromatce car-
hans), 164 7 (s, rarbonvl rarbons) ppm. No identifiable signals were seen
by Fab mass spectrometry.

Vol. 25

Anal. Caled. for CH,,N,,0,-0.5H,0: C, 64.84: H, 7.96: N, 16.80.
Found: C, 64.81; H, 8.33; N, 16.89.

2.3.6.7.10.11-Hexa(.¥-{n-decvl))carboxamido-1.4,5.8,9,12-hexaazatri-
phenylene (12b).

To a solution of ester 11 [3} (500 mg, 0.86 mmole) in 1:1 chloroform.-
dry THF (300 mi) was added n-decylamine (3.0 g, 19 mmoles) and the
solution was refluxed for 20 hours. The solid that precipitated was
filtered, washed with acetonitrile, and dried to afford hexaamide 12b
(600 mg, 56%). Recrystallization from acetonitriletrifluoroacetic
acid/water and again from trifluoroacetic acidiacetic acid gave the hexa-
amide as a light brown solid, mp 331-332°; 'H nmr (deuteriochloro-
formitrifluoroacetic acid): 0.9 (1, 3H, CH,), 1.2-1.6 (m, 14H, 7 x CH_), 1.9
(quintet, 2H, CH,), 3.7 (q, 2H, CH,), 9.6 (1, IH, amide NH) ppm.

Anal. Caled. for C, H.,N,,0,-0.5H,0: C, 64.84: H, 7.96: N, 16.80.
Found: C, 64.81; H, 8.33; N, 16.89.

Hexaazatriphenylene trisphthalhydrazide (13).

To a solution of hexaester 11 (582 mg, | mmole) in I:1 chloroform:-
methanol (100 mi) was added hvdrazine hvdrate (3 ml), and a black solid
quickly formed. The suspension was refluxed for 3 hours, filtered. wash-
ed with methanol and chloroform, and dried to afford the trisphthal-
hydrazide (428 mg, 88%) as a black solid, mp >350° “C nmr
(triethylaminesdeuterium oxide) 160.6 (oxygen bearing carbon) 146.4
(''peripheral’ HAT carbons), 142.7 (internal aromatic carbons) ppm.

A sample for microanalysis was prepared by dissolving 11 in triethvl-
amineiwater and adding an excess of aqueous sodium hvdroxide. The
precipitate was filtered, washed with methanol. aqueous ethanol, and a
small amount of distilled water. The resulting black solid was dried at
110°1 torr: uv (sodium saltiwater): 282, 334, 430 (br) nm.

Anal. Calcd. for the trisodium salt (C,,H,N,,Na,0,-6H,0): C.32.7+ H,
2.29: N, 25.45; Na, 10.44. Found: C. 32.91: H, 2.08: N, 25.22; Na. 10.6.
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dennvdrogenated  with 23-dichloro-3.6-dicyanobenzogquinone
TDDW We have shown recently that products 4.1n general. are
anstabie and cannot be isclated.? They hvdrolvze to 5.6-
drhvdropynmudin-4e 3 /N -ones and pelymenze easily. However.
this dificuity s avoded if the mixture ts quenched at 0 C with
aniy one equivalent o water and then treated with DDQ at 0 C.
This route gives excellent vields of pynimidines S, including
compounds that cannot be obtained 1in Method AL

The examples cited 1in Tuble | are representative of the many
saceessrul aromatizatons of unstable S.6-dihydropynmidines

Table 1. Svmtheses of Compounds 8¢ -g from Pynimudine 1 Method Ay
d Compounds $a g from Pynimidine 2 (Method By and
avaroivsin o fa-e o Uraails ba g

Reacton of Pyomidines 12 with R-Ls Hydrolvsis of §
Mommee o Condittons Product  Yieid Product  Yield
Temp T ome P 1%9)
4 ‘ bF $ 8 6a T3
3 ‘ < h 6b )
A Tty Sc <2 6¢ ]
B 2 S¢ AR
It Sd : 6d M)
3 : o <d N
N s - e n) be [als}
4 e )
<f A of oS
§ 0 f Y
Sg o bg 3
. N 52 \:

Table 2. Propers o o Purnimicines S and Uraciis 6

Communications ™

conducted at low temperatures by the DDQ method. Recently.
we have slso reported a similar tacile dehyvdrogenauon of 1.6-
dihvdropyrimidines. -

For both Methods A and Bt s essenual that ethyl ether i5 used
as the medium tor the additon reaction. Tetrahvdroturan
promotes bromine-lithium exchange and lithiation reactions
that result in much lower vields of 5. Hvdrocarbon solvents
cannot be used. because of the low solubility of 1 and 2 in these
solvents.

Hydrolvsis of § to uracils 6 15 best conducted using 6 normal
hyvdrochlone acid. The conditions emploved permit isolation or
thienyluracils 6e and 6 fin good yields. The methoxy groupin 6d
1s also stable to hvdrolysis under these conditions. In agreement
with the given. general structures for products 5 and 6. pyr-
imidines Sa and Sc are hydrolyzed to known 6-methviuracil®
(6a) and b-phenyluracil® (6¢). respectively. Properties of new
pyrnmidines 5 and uracils 6 are given 1n Table 2.

n-Butyilithium (2.6 M 1n hexanes), methyllithium (1.4 M 1n cther). and
phenyllithium (1.83M n cyclohexane ethery were obtained from
Aldnch. S-Bromo-2.4-bistmethyvithio)pynmidine® and 2.4-bistmethyi-
thioipynmuidine” were prepared. and 2-thienyvilithium and 2-thiazolst-
lithium™ in ether were generated as desenbed. Solutions ol 2-methoxs -
phenviithium and -thienvibthium in ether were generated in the
reaction of butyilithium with one mole equivalent of 2-bromoanisoic
and }-bromothiophene, respectively The solution of butvillithium was
added dropwise to the cther solution of the respective bromo compound
at = 40 C. and the mixture was sticred at — 30 C tor 20 min before use
Ether was distiiled trom sodium henzophenone ketyi immediateiv
hetore use

6-Substituted 2.4-Bisimethyithio)pyrimidines Sa-g; General Procedures:

Method A To asolution of an organolithium reagent R-Li 110 mmoi
in cther (S0 mL) under nmitrogen atmosphere at - 40 C s added
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* ¢ ampounds Sa. Se. 6a. 6¢ [(mp Lit mp ( C) 42 43.43-35'% (91~ <

ML EIT I I T B I
Zave sartudibe ntenticai
obtained from
Foncnrrected

A0 271 276272 274 respectively )
H-NMR apectra with those of the sampies
nther sources

Satisfactory microanalyses obtamned: C +0 2, H +0 1. N =02
Spectra of pynimidines S and uracils 6 were taken in CDCl; and
DMS0-d,, respectively, with TMS as internal reference; Vanan EM-
160 (60 MHz) spectrometer

Vanan MAT 112S spectrometer. at 70 ¢V
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dropwise 4 saiution of S-hromo-2 4-bisimethvlithiopynimudine (1 204 2
HJemmei Wnoether S mboy The mixture > allowed to react under the
condittons anen in Tubie I The mixture 1s then quenched with water
Saboon THE T mLo and strred at 23 C tor 0.5 h, The ether laver s
senarated. the agqueous fesidue by extracted with CH,CL 2 <10 mb,
At the orgame soiutons containimg § are combined. Products Se-g
are weiated Myodash chromatography” on osihca gel eluting with
CHLCT, fevanes © 1 3 and reerystadhized from hexanes.

Memod B Ze-Bowmhvithiopynmudine (20 1.65 g, .o mmob) 1y
seacted with an oreanohthium reagent R-Li (10 mmolY under the
cncitiens anven in Table 1 The mixture s then quenched with water
CUnmenn etrainvdrofuran (S mby a0 Clostirred at g Ctor
and freated s a soiution of DDQ 2T g 11y mmol in THE
Arier strnite at 0 tor 2hoand then at 23 C for 1 h the
v gnuted with ether (30 mly and extracted with 10% NaOH
Ye23mbo The organie phase is dred 1Na,SO,) and concen-
Progudts Sa-g are nolated by chromatography as described 1n
G \.oand reersstalhzed trom hexanes (5a and Sc-g) or disulled

n a4 Kagerodr appardtus <3b. 30 C 3 Torm)

U racils 6a-g: General Procedure:

A cgtion of the appropnate bistmethyithio)pyoimidine Sa-g (3 mmol)
moa N CHCT N mb s heated ar 115 Cior o han a pressure vessel. The
wie s then evaporated on g orotary evaporator, and the residue s
sorstasased trem BLOH D Angivoacal sampees are obtained by drving at
Cieoc o D Torr Jomrounds Sa-g are aiso hvdrolvzed within T hunder
cotlv congitions Taib Latter procedure fequires tregquent removal ot
toempeunds Sa-g from the refux condenser
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Hexadecarboxylative Synthesis of Hexaazatriphenyiene

U8 sqrmp Antmon N zurmik ®

Demariment U tempare

The Ohio state Liaversitv, Cotumbus, OH

Thermal decarboxylation of hexaazatriphenylene hexacar-
Hovshic aaid (1) in diphenyl ether (230 C for 20 h) with added
~opper powder atfords the parent heterocycle, hexaazatn-
phentiene. in 7, sield atter tltration thyough an alumina
Plug

SYNTHESIS

Hexaazatnphenylene (2; abbreviated HAT)Y 15 a highly sym-
metrical heterocycele first svnthesized by Nasielski-Hinkens et ul.
that has been used to prepare polyvnuclear chromium carbonyl
complexes.! This ligand. while of potenual utlity in the synthesis
ot other polynuclear complexes. has not unt! recently become
readily accessible. The original svnthesis! 1s on the order of ten
steps long. A shorter route was conceived by Kohne and
i raefcke as proceeding from a triple condensation ot giyvoxal
with the known hexaaminobenzene (HAB), but this reaction
lead to HAT inonly very low yield (related hexaalkvl denivatives
could be obtained in good to excellent yield however).” Most
recently. Rogers has reported that this reaction can be accom-
plished in good yield by using a modification of this procedure.?
This most recent paper prompts us to describe our own method
for the synthesis of HAT at this time. While the method
described using HAB os starung material s a valuable one. 1t
does sutfer from the disadvantage that the immediate precursor
to HAB. namely 1.3.5-tnamino-2.4.6-trinitrobenzene. is a mili-
tary explosive and potentially subject to detonation. Under
some circumstances. this may be an unacceptable drawback.

We now report that HAT may be prepared via the hexade-
carboxylation of HAT(COOH), (1), a compound whose synthe-
sis we have reported via a three-step sequence.* Thermal
decarboxylations of heterocyclic x-carboxyhic acids have long
been reported as preparatively useful in. for example. the
pyrazine series: the mono-. di-. tri-. and tetracarboxylic aaid
dervatives ot 1, 4-pyrazine all afford pvrazine itself under
appropriate conditions.> While a variety of conditions have been
employed tor this general reaction (e.g.. heating n dibutyl
phthalate. glacial acetic acid, or other solvents) and examined by
us. the decarboxylation of hexaacid 1 occurs best in diphenyl
ether with added copper powder. Heaung under these con-
dittons at 230 C for 20 hin an inert atmosphere atfords HAT in
44" vield after filtration through an alumina plug. The resulting
solid sample is identical to HAT prepared as previously de-
scribed 1n every espect, and 1s of analytical purity.

This route. which is four steps from commercially available
precursors. does not invoi.e the intermediacy of potentially
explosive precursors and may be preferable to that reported
recently? in some situations.

1.4.5.8,9.12-Hexaazatriphenylene (2):

A mxture of hexaazatriphenylene hexacarboxylic acid® (1 10g.
4.2 mmol), copper powder (0.2 g). and freshly distilled diphenyl ether
(2S5 mLy s surred at 230 C for 20 h under a dry nitrogen atmosphere
The reaction s then cooled and filtered. and the solid 1s washed with
hexane (3 « S0 mL) to remove adsorbed diphenyl ether The crude sohd
sampile is added to the top of a short column of neutral wlumina and
cluted with CHCIl;. The single band s collected and the solvent
evaporated to atford 2 as a light yellow solid: yield: 210 mg (44 °%) mp
>360 C(Lit.! mp >350 O)

The product 15 dentical to an authentic sample® in all respects
C o HON, C6153 H2SK NISSR
1234 2) 6120 268 3§77
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A Facile and Versatile Synthesis of 2-Substituted Tryptophans
as V-tert-Butvloxvcarbony! Derivatives

P Li Kemneth v Newiander.®® Tomas O Yellin

~math Kine Beckman Corporation. Department of Peptide Chemustry.
(R0 Pave Midl Road. Pulo Adto, CA 94304, USA

Dieis-Alder tvpe cycloaddition between I-substituted indoles and ethyl
z-nitrosoacrylate toilowed by reduction atfords 2-substituted trypto-
phan esters  V-Protection followed by saponification furmishes the
corresponding V-protected 2-substituted tryptophans suitable for pep-
tide svnthesis The preparation of a4 number of 2-substituted indoles by
modined Madelung svnthesis 15 aiso descnbed

Only 4 small number of 2-substituted tryptophans or their
demvatites have heen reported in the literature. Interestingly,
this handtui of compounds represents a considerable variety of
substituents alkyvl rmethyl.** rers-butyl®), aryl (phenyl®), carb-
oxyl.7 ¥ hvdroxyl.” 7 '* thiol.!! thioether.!>!* and halogen.!”
We were interested 1n using a bulky substituent (alkyl or aryl) in
the 2-position of the indole nucleus to restrict the conformation
ot the side chain of tryptophan in peptides. Among the 2-
substituted tryptophans of interest to us, the Z-rerf-outy! and 2-
pnenyl analogs are known compounds.

\-benzvioxycarbonyl-2-rert-butyltryptophan benzyl ester was
nbtained in 2 -3°% yields among other butylated products by
direct alkylauon of the .V-protected tryptophan ester.® The
synthess of racemic 2-phenyltryptophan was achieved by Kiss-
man and Witkop® by four vanations of the “*gramine” synthesis.
[n our hands, however. none of the above approaches gave
satisfactory results as a practical preparative procedure. We wish
o report in this paper a general and facile method for the
preparation of 2-substuituted tryptophans as their V*-protected
dernvatives. surtable for pepude synthesis.

We have adopted the elegant cycloaddition reaction of Gilchrist
etal " ' to construct the skeletons of the desired 2-alkyl- or 2-
aryl-tryptophans.?® Thus, Diels-Alder type cycloaddition be-
tween 2-substituted indole 1 and the transient nitrosoalkene 3,
which  was  generated 1 siw from  ethyl 3-bromo-2-
hydroxyiminopropanoate (2). afforded the oxime § after rning
opening and hond rearrangement of the adduct 4. Since § may
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further react with another molecule of 3to form a 2: 1 adduct.”!
a two- to three-fold excess of indole 1 was usually used to
suppress adduct formation. The unreacted indole 1 was easily
separated from the oxime § and recovered by column chroma-
tography on silica gel. Reduction of § with zinc in acetic acid
followed by conversion to its hvdrochloride salt gave the 2-
substituted tryptophan ester hydrochloride 6 in excellent vields.
Without further purification., 6 was converted to the N*-
protected derivative 7.>? Saponification followed by acidifica-
tion furnished the 2-substituted V?-Boc-tryptophan 8. which
was suitable for peptide synthesis by solid phase or solution
methods. Compounds 8b, d, e were oils. They were converted
to the solid dicyclohexylamine salts for charactenzation.

BrCH, CO,C;yHg

hil
HO/N
2

lNazc:, CRaC

CO,CHHe ] R B
Ng . | ST e e
N N J 32.33 7
H 0
1a-e 3
CO2C;Hs CC-Coms
H Q A\
N ~ NCH
0 —_— T dD>—r
N DN N
H R H
4a-e 5a-e
CO,CHg
' In/AcOH it
overnignt . Boc; TEYN -3ulr kol
I INHCL N NHz «HCL rt, overmight
R —
N 33-°3C %
H cases n 8§
Ga-e
CO,CaHs CO;H
//(NHBoc "N NalkoMe NHBoc
N R ', avernight =~ i N\ R
N 55-84 ", ™ N
H H
Ta-e B8a-e
woc = t-Curg0CO
I, 4-8 R I, 4-8 R
2 CeHs d -C,Hq
b C,HsCH, e 2.pynidyl
[ ¢-CoH s

Of the starting 2-substituted indoles, la is commercially avatl-
able, and 1e?3-2* was prepared by the Fischer indole synthesis
according to a reported procedure.?® In our hands Fischer
synthesis of 1d?® using zinc chloride or polyphosphoric acid
afforded an impure product which was difficult to purity. The
method we chose for the preparation of 1d was a modified
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Madeluny indole svnthesis.”” 7= Pure 1d was obtained trom
readibv available tnmethylacetvl chlornde and o-tolutdine 1in 4
short tme i practically quanutatve vield. as reported.” - *?

Compounds 167779 and Fe?' 7 has been synthesized by vanous
methods. However, all of these methods were either nonspeific,
tedious. or required unusual reaction conditions. Using the
modified Madelung svathests=" 7% as mentioned above, le was
obtained 1in 037, vield and the unreacted V-cyclohexyicaronyl-
~toluidine could be recovered. Excess n-butyllithium or pro-
Jonged redction time did notdnve the reaction to completion. [n
AN attempt o prepare 1b by this moditied Madelung method,
nowever.  Vephenvlacetvl-o-toluidine  remained unchanged
ander varous conditions and was recovered quantitatively. This
ditficulty was overcome by utiiizing the method of Le Corre et
ai

Indezd. by adopung Le Corre’s method, compounds 1b and le
were successtuily prepared.

Table. [ndoies § and 2-Subsututed. Tryptophans 7 and 8 Prepared

SYSNTHESIS

This svatheuc sequence involved the mmtal formation of the
phosphonium chlonde 10 from o-nitrobenzyi chlonde (9) and
tnphenylphosphine. Compound 10 was best reduced with zincin
acetic acid to the aniline hydrochlonde I1. Reduction using
stannous chlorde hvdrochloric acid resulted in labortous work-
up and impure product, and reduction with Raney nickel and
anhvdrous hydrazine in methanol led to o-tolumdine exclusively.
Acvlation of 11 with appropnate acyl chlorides in the usual
manner afforded the required precursors 12. Treatment of 12
with potassium reri-butoxide led to the 2-substiiuted indoles 11n
vields of 387, (lIc) to 63°%, (1b).

In conclusion, the overall processes as described above provide
for a facile and versatile procedure for the synthesis of 4 vanets
of 2-substituted tryptophan denvuatives.

H-NMR (TMSy
s, JiHz)

Proad- Yield mp i C) Molecular TLC
N S isoivent) Formula® (R
3a - 142 143 C.HiN:0y 050
1322.4)
b 4 tht- 167 CiwHWN:0, 0y
1336 4)
3¢ w N CLoHLN.O, 0355
1328 4
Sd i3 svrup C,-H,:N-0, 070
1302.4
Se ) 124 dec C,4H,-N,0, 0.64
‘CHCly) (323.4)
“a 4% inoncrystal C. H. N0, 0.79
~oird) 1408.49)
“b T00 tnoncrystal C.4H,oN;0, 0.74
solid) 1422.5)
“c¢ <3 rnoncrystal C, H N0, 0.72
~ohd) (414.5)
~d 9% isyrup) C,,Hy,N,0, 0.76
(388.5)
Te 0 196 dec C,,H,;-N,O, 0.75
1CHCH-EtOAC) (409.5)
$a “ 197 19K C, HL N0, 0.36
tEtOAC) (380.4)
8b* "1 1%6-1%8 CyyHoN,O 0.49
(Et,0) (575.8)
Bc %2 212-113 C;,HgN,O, 0.55
(EtOAQ) (386.5)
Rd" et 2tn-212 Cy;H, NJO, 0.26
O 1541 8)
Ke® ¢ 199200 Oy H o N0, 56
(Et,0) (562.8)

(CDCly 105U 3H S =7 404 1q. 2H. J =7, 4.2 5. 2H): 69-7.8 (m.
9H) 309 (brs, TH) 100 s, 1H)

(CDClLypp 1220 3H. S =D 41 gs, 2Hy 4160q. 2H. J = 71 4.22 5. 2Ho.
69-T9 m. SHE 7215, SHYL 967 (s. 1 H)

(CDCly) 1251, 3H, J =7y 11-20 tmy 10H) 2.8-3.4 m. THi 403 s,
CHY 4171 . 2H /=70 6.9-T 4 (m 3H) 7681 tm. 2HY 103 s, THY

(CDCL) 107 (L 3H. J =D 1.5(s. 9H) 405 (q, 2H. /= 7. 2H) 427 s,
2H) 69-7.7 (m, 4H), 8.0 (br s, 1H) 10.1 (brs, tH)

(CMF-d-)095¢, 3H. /= 7).398(q. 2H. / = 7). 448 (s, 2H); 6.8-8.1 (m.
RHY 8.73(brd, TH. J = 5): [1.5(s, IH)

(CDCL) 10 (L 3H. J =T 13¢5, 9H)Y: 34 (d. 2H. J = 6): 3.7 (q. 2H. J
=T 454 (m, TH); 49 (brd. tH) 69-79 (m. 9H): 835 (brs. |H)

(CDCl,) 1.08 (1, 3H. J = 73 1.39¢s. 9H): 3.23(d. 2H. J = 5.5. 2H) 4.0 (q.
J=7.2H) 40 (s. 2H). 467 (m. 1 H). 5.12(br d. 1H). 6.836-7.63 im. 4H);
7.18 (s, SH); 8.1 (brs. tH)

(CDCL) 11 (L 3H, J =T 14 (s, 9H): 11-2.0 tm, TO0H); 2.5-3.0 tm. T H):
323(d.2H. /= 5):408(q. 2H. /=7 44-48(m. 1H), 49-53 m. I H).
6.8-7.7 (m. 4H); 8.62 (br s. 1 H)

(CDCly) 1.0t 3H. J=T); 1.3(s. 9H) 1.5 s, 9HY 33 ¢d. 2H. J = " 4y
(Q. TH. /= 7): 458 (m. 1H); 5.13 (br d. 1H). 6.9-76 im. SH) 8.2 (br s,
1H)

(DMF-d-) 1.0S(t, 3H. J =7); 1.3 (s.9H) 3.5(d. 2H) 40(q. 2H. J = ")
4.1-4.55(m. 1H), 7.0-82 (m, 9H): 8.7 (brd. t1H. J = 3)

(DMF-d-)1.3(s,9H); 3.4(d, 2H, J = 6); 4.55 (m_ 1 H). S.3¢brd. 1H), 69—
79 (m, 10HY 10.5 (s, 1 H)

9.79

T

(DMF-d-) 1.35 (s, 9H) ! (m. 10H): 2.9 (m, 1 H). 3.27 (d. 2H); 444
(m. 1H), 6.59 (d, 1H. / =8.5); 69-775 (m. SH)

Yields of 7 hased on oume §
Satisfastory microanalyses ontained: C =0.4%, H, N ~0.3%

-

4 Obtained in a Vanan EM 360A spectrometer
¢ Isolated and charactenzed as dicyclohexylamine salt

»‘fnalAlcch Uniplate silica gel GF-250 micro scored plates 1in
CHCL MeOH AcOH (95 4 1 by volume). Spots were visuahized

under [V lLight 1254 nm) und by Erhlich and ninhydnn sprays

—ﬁ
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Nitrosations in Anhydrous Trifluoroacetic Acid Media: A
Modification for Insoluble or Deactivated Amine and Amide
Precursors

K. Kanakarajan.* Karl Haider, Anthony W. Czarnik

Department of Chemistry, The Ohio State University, Columbus, Ohio
43210, USA

Nitrosation rcactions can be accomplished cleanly in anhydrous tn-
fluoroacetic acid as solvent, woich permits the use of both deactivated
and insoluble amines and amides as starting materials.

The mitrosation of amines with sodium nitrite to afford the
corresponding diuzonium salts is one of the most versatile
reactions in organmic chemistry. Over the past several years, we
have found that some amines are not amenable to nitrosation
using the conditions found most commonly in the literature,
e.g.. sodium nitrite in aqueous mineral acids. Problems of this
type are scen when the starting amine is cither deactivated by
strongly electron-withdrawing groups at adjacent or conju-
gated positions. or when the starting amine is extraordinarily
insoluble. Especially vigorous nitrosation conditions have been
used previously with deactivated amine starting matenals; such
variations incfude the use of concentrated sulfuric acid, mix-
tures of sulfuric and acetic or phosphoric acids. concentrated
nitric acid, and the use of organic cosolvents.! We now report
that nitrosation reactions can be accomplished cleanly in an-
hydrous trifluoroacetic acid (TFA) soivent, and that this reac-
tion medium allows the use of both deactivated and insoluble
amines and amides as starting materials.

Two examples of difficult nitrosations that have been carried out
successfully in TFA have been reported previously by one of us
(KK) in the context of other projects. For example, nitrosation
of the weuakly basic 7-aminobenzo{a]pyrene (1) in aqueous acid
followed by treatment with tetrafluoroboric acid and thermoly-
sis is not successful in the synthesis of 7-luorobenzo{a]pyrene
(2). An anhydrous modification using dry gaseous nitric oxide
was similarly unsuccessful.? However, dissolution of amine 1 in
anhydrous TFA/tetrahydrofuran occurred readily, and nitro-
sation proceeded smoothly; subsequent decomposition of the
tetrafluoroborate salt afforded the desired fluoride (Scheme A).?
In addition. we have reported that hydrolysis of hexaamide 3 to
the corresponding hexaacid 4 is incomplete under strongly acidic
or basic conditions; a classic nitrosation-mediated hydrolysis
likewise afforded a mixture of partially hydrolyzed polyacids.
Dissolutton of hexaamide 3 in TFA is complete, and addition of
sodium nitrite followed by water gave the desired hexaacid 4 in
excellent yield* (Schema A).

Ret. ]
1. CFyCOH/THF/NaANO,
GO =T oo
[3

NHy

1 2

CONH, COZH
N}m/CONHZ Ref. ¢ COZH

HZNOCIN\ N f‘:’:g?’“ Hozc
!
HzN (o] N N
Nx )
\KJ\CONHZ \(k

CONM,
3 4

COH

Scheme A
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We have curried out several other difficult diuzotization reac-
tions in TFA to demonstrate the generality of this modific-
ation. Ethyl 4-amino-2.3.5.6-tetrafluorocinnamate (7) i§ pre-
pared by diisobutylaluminum hydride (DIBAL-H) reduction of

N 3-amino-2.3.5.6-tetrafluorobenzonitrile (5) to the correspon-
ding aldehyde 6 f(ollowed by a Wittig reaction with
(elhoxycarbonylmethylene)triphenylphosphorane. Diazoti-
zation of ethyl 4-amino-2.3.5.6-tetrafluorocinnamate (7). which
is insoluble in aqueous acid. is affected in anhydrous TFA to
afford the product azide 8 in 87% yield after treatment with
sodium azide (Schem@_ B). Likewise, 2.6-difuoroaniline® (9) is
converted to 2.6-difluorophenyl azide (10: 54 %) and 3.6-diami-
nouacridine® (11) is converted to 3.6-diazidoacridine (12; 84 %)
(Scheme (7).
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Scheme B

For the purposes of comparison, we have carried out the
diazotization of pentafluoroaniline (13) under both aqueous
and TFA conditions. Attempted diazotization in SN hydro-
chloric acid with sodium nitrite. followed by reaction in the
cold with sodium azide and extraction with ether afforded only
the starting material and several unidentified components that
were not the aryl azide 14 as determined by GC comparison
with an authentic sample. While the failure of pentafluoroanii-
ine in this reaction has not been explicitly reported previously,
the literature route involves conversion of hexafluorobenzene
to pentafluorophenylhydrazine followed by conversion to the
azide.® By comparison. the reaction of pentafluoroaniline with
sodium nitrite in TFA. followed by treatment with sodium
azide, gave pentafluorophenyl azide (14) directly as a yellow oil
in 68 % yield, identical with an authentic sample (Scheme C).
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The Sundmeyer reaction may likewise be cuarried out using
TFA as solvent. The conversion of 3.5-dinitroaniline (15) to 1-
chloro-3.5-dimtrobenzene (16) is accomplished in 80% yield.
which is 4 modest improvement over a previously reported
diazotization method using nitrosyl sulfuric acid” (Scheme C).

In summary, diazotization of aryl amiaes in anhydrous TFA
offers a useful vanation on this well-known reaction for insol-
uble or deuctivated starting materials. While TFA itself is a
relatively expensive solvent, its use provides an alternative in
cases for which direct regction of the amine is desirable.

Mclung points were tken on an Elsccothermul melting poiat appasu-
L. and are uncorrected. Microanalyses were carried out at Canadian
Microanalytical Scrvice. New Westminster, B.C. Mass spectra were
obtained by use of a Kratos-30 mass spectrometer. FT-NMR spectra at
1175 tesla (500 MHz) or 7.0 tesla (300 MH2) were obtained using
equipment funded in part by NIH Grant 1 S10 RRO1458-01A1. We
thunk Mr. Richurd Weisenberger and De. C.E. Cottrell for their
assistance 1n obtained mass and high-field 'H-NMR spectra, respec-
tively, at The Ohio State University Chemical {nstrumentation Center,
and Mr. Carl Engciman for other NMR assistance. All starting
matenals were commercial products.

Ethyi (E)-$-Amino-2,3.5,6-tetrafluorocinnamate (7):
4-Amino-2.3.5.6-tetrufluorobenzonutrile (5; 3.8 g. 20 mmol) is dissolved
in dry benzene (2150 mL). To this solution, a 1.5 M toluene sotution of
DIBAL-H (40 ml, 60 mmol) is addcd dropwise over 30 min. The resul-
ung mixtyre is suered for 10h, and then decomposed by adding
mcthanol (20 mL). The orgunic solution is washed with water. dried
(MgS0,). and the solvent 1s removed 1 vacuo 10 give 6 as a colorless
solid: yield: 3.72 2 (97%): mp 110-111 C. (IR (CCl): v = 1720, 3430,
3530em ™' MS: miz (%) = 193 (98%., M *), 192 (100%. [M —1]*].

The crude aldchyde 6. (1.92g. 10mmol) and (ethoxycarb-
onylmethyleneitriphenylphosphorane (3.84 g, 11 mmol) are mixed in dry
benzene (100 mL) and refluxed for 10 h. The solvent is removed in vacuo
and the residue i1s chromatographed using a silica gel column and cluting
with CH,Cl,. Ethyl (E)-4-amino-2.3.5.6-tetrafluorocinnamate (7) elutes
in the first fractions: evaporation gives a colorless solid: yield: 2.25g
(93%). mp 126-127 C. .

C, HgFNO; calc. CS5020 H 345 NS.32

(263 2) found 50.12 3.39 5.46

IR (CCl,): v = 1670, 1730. 3440. 3530cm ",

"H-NMR (CDClL): & = 1.31 (1. 3. CH,. J = 7.1 Hz); 4.25 (q. 2. CH,.
J = 7.1 Hz):4.38(brs. 1.8.NH,);6.55(d. 1,CH,J = 16.4 Hz): 7.69(d. 1,
CH. J = 16.4 Hz).

*C-NMR (CDCi,): 8 = 14.2 (s). 60.6 (s). 101.9 (1), 121.8 (1). 128.0 (tt).
129.9 (s). 134.3 (m), 1381 (m), 143.8 (m), 147.8 {(m). 166.9 (s)
"*F-NMR (CDCl,): § = ~167.19 {m). — 146.962 {m).

MS: m/z (%) = 264 (30%, [M +1]"): 263 (65%. M*).

Ethyl (E)~t-Azido-2.3.5,.6-tetrafluorocinnamate (8):

Ethyl 4-amino-2.3.5.6-tetrafluorocinnamate (7; 263 mg. | mmol) is dis-
solved in TFA (4 mL). The resulting orange solution is cooled in an ice
bath and solid NaNO, (276 mg. 4 mmol) 1s added in portions over a
period of S min with stirring. To the resulting green solution. solid
NaNO, (195 mg. 3 mmol) 1s added over a S min period. The mixture is
surred for 10 min, then poured onto 20 g of ice. The mixture is extracted
with CH,Cl; (3x30mL). the organic phase is washed with water
(}x25mL) and aq. NaHCO, solution (20 mL). The organic layer is
dned {MgSO,). concentrated under vacuum, and passed through a
short column of ncutral alumina. Evaporation of the solveni gives 8 as a
colorless solid: yield: 251 mg (87 %) mp 67-68 C.

Ci/H.FN,O, cale. C4569 H 244 N 1453

{I%9 2y found 4589 2.42 14.58

IR (KBry v = 3000, 2100, 1700 cm ™",
"H-NMR (CDCl,) 4 =14 (1, 3. CH,. J = 7.1 Hz); 43 (q. 2. CH,,
J =71 Hz 67 1. CH. J =164 Hz). 7.6 (d. 1. CH. J = 16.4 Hz).

C-NMR (CDCI,): 6 = 14.1 (3). 61.0 (s). 110.0 (0, 121.0 (1), 125.8 (1),
128 4(3), 138.6 (m). 1425 (m), 143.5 (m). 147.4 (m). 1660 (s).

"E-NMR (CDCHy 0 = - 156.55 {m), — 144.593 (m).
MS ez = IXG (M)




#—t

. 2.0-inttuorophenyl Azide (10): _
2.6-Diluoroaniline (9; 2.0 g. 1S mmol) is dissolved in TFA (20 mL) and
covled 1n an ice bath. Solid NaNO; (1.07 g, 1S mmol) 1s added in
- portions with stirring over § min. NaN, (1.01 g. 15 mmol) 1s added to
. the diazotized solution and the resulting mixture is stirred for an
additional 30 min. Water (15 mL) is added, and the product is extracted
into ether (3 x 20 mL), washed with 10% aq. NaOH solution, water,
and dricd (MgSO,). The solvent is removed under vacuum, the residue
is redissolved 1n hexane and is passed through a short column of neutral
alumina using hexane as cluent to afford the azide 10 as pale yellow .
crystals; yicld: 1.3 g (54%); bp 45°C/3 mbar [Lit.* bp not reported].

'H-NMR (CDC1,): § = 6.9-7.1 (m, ArH).
MS: mjz = 155 (M ).

3.6-Diazidoacridine (12).

3.6-Diaminoacridine hydrochloride (11: 500 mg. 2.4 mmol) is dissolved
in TFA (15mL) and surred at 0-5'C for 10min. Solid NaNO,
(600 mg. 8.7 mmol) is added in portions over a period of S min, then the
solution is stirred for additional § min and NaN, (1.6 g. 25 mmol) is
added with efficient stirring 10 avoid foaming. After 15min, water
(20 mL) is added to precipitate the product, which is filtered, washed
with water (3 x 15 mL), and dried in vacuo to give of 12 as an orange
solid: yicld: $30mg (84%). The product is recrystallized from
EtOAc/hexane to give orange crystals, mp 167-168°C (dec) [Lit.?
168-169 C (dec)].

'H-NMR (CD,0D): 5 = 7.48(dd. 2,/ = 10,2 H2). 7.65(d. 2./ = 2 Hz);
8.31(d. 2. 7 = 10 Hz): 9.45 (s, 1, central ing CH).

MS: mjz = 261 (M*).

Pentafluorophenyl Azide (14):

Pentaflyoroaniline (13; 1.4 g. 7.7 mmol) is dissolved in TFA (20mL)
and cooled to — 10 C. Solid NaNO, (1.05g, 15 mmol) is added in
portions over a 20 min period with stirring. NaN, (1.05 g, 16 mmol) is
added over S min and the solution is stirred for ! h. The mixture is
diluted with distilled water (30 mL) and the product is extracted with
cther (3 x 20 mL). The combined extract is washed with sat. NaHCO,
solution and dried (MgSO,). Solvent removal under vacuum followed
by Kugclrohr distillation (4 mbar, bath temperature of ca, 30°C) af-
fords 14 us a pale ycllow oil (1.1g, 68%). This sample is indistin-
guishable from an authentic sample of pentafluorophenyl azide® as
dctermined by GC comparison and by '*C-NMR spectrometry.

"JC-NMR (CDCl,): = 136.2, 136.3. 139.2, 140.2, 143.2.
MS: m/z = 209 (M ”).

1-Chloro-3.S-dinitrobenzene (16):

3.5-Dinitroaniline (15. 550 mg: 3 mmol) is dissolved in TFA (10 mL)
and cooled to 10 C. Solid NaNO; (414 mg, 6 mmol) is added in
portions with stirring. Within a few minutes a clear, light green solution
of the diszonium salt is obtained. The diazonium salt solution is added
dropwise to an ice~cold solution of CuCl(1.0 g, 11 mmol) in conc. HCI
(10 mL) over 10 min with efTicient stirring. A yellow precipitate formed
redissolved upon the addition of water (200 mL). The clear solution is
heated on u steum bath for 15 min, cooled, and extracted with EtOAc
{3 x 100 mL). The orgunic phase is washed with water (3 x 50 mL), dried
{MgSQO,). and the soivent is removed to give an oil. Chromatography
on neutral alumina using CHCl, as the cluant followed by recrystalli-
zation (rom hexane gives 16 as colorless needles; yield: 485 mg, (80 %);
mp 54-54.5 C (Lit.” mp 54-54.5°C).

'"H-NMR (CDCl,): 6 = 8.55-8.95 (m. ArH).
C.NMR (CDCH,): 6 = 1172, 129.2, 137.0, 148.9.

MS: m/z (%) = 202 (100, M " for Y5Cl isotope); 204 (70, M* for *'Cl
1sotope).
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